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ABSTRACT

One of a series of investigations on the Progect on
an Information Hemo*y Model, the purpose of this study was to
determine the amourt and kind of visual information processed and
stored in the memory of children using different modalities of
observation. Chlldrnn, aged 5, 9 and 13 years, were randomly assigned
to one of three treatment groups. Two of the treatment groups
individually viewed silently (¥=21 per age level) or vocally (N=21
per age level) a projected 35mm slide of a living room. The third
group (N-45 per age level) viewed the picture display in groups of
three and verbally exchanged enumerations of items. Five minutes were
allowed for viewing the slide. The subjects then verbally recalled
the viewing experience and their recollections were tape recorded. As,
the age of the subjects increased, the numbe. of picture item messages
and variety or number of different picture items verbalized in the
enumeration phase of the erperiment also increased. A message
processor algorithm for forecasting cognitions of verbal and
nonverbal modalities was. used with a prediction error of less than
two percent. An item dimension algorithm for forecasting ‘cognitions
was developed to measure the M unit structure of memory pathways. The
finding was that chronological age was related to M units of
variations of learning and recall tasks. (Author/PEB) . o
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Introduction. The human interacts with the env1ronment by
receiving information through the sensory and nervous systems,
and in that manner effects the environment and the structure
of the memory. This is the only way a researcher can explain
how the human learns, be it in a school or non-school situa-
tion. Unfortunately, the researcher can only generalize the
definition of 1earn1qg There is no precise definition nor
can 1earn1ng and cognition be finitely related in explaining
how the memory performs such tasks., Why is it that after al-
most a century of psychological research, we still have no
.-reliable means to say the human learned this and will be able
to recall a specific quantity, either immediately or even 15
minutes later? The reason is quite evident, the researchers
have not quantified the quality of the 1nformat10n‘nrocessed

from the environment, through the brain, and into a cognition., 7

According. to Slnsheimer(l) the one million optic fibers
of man permits the receiving of 40 to 50 bits of information
in a flash and they can be held for about a second. He also
claims no more tha?z}o bits of information can be abstracted
per second. Moser claims this is an exaggeration, probably
to a magnitude of five. In any case, the amount of information
rrocessed for v%sgal input has not been completely described.
Fazio and foser(3 reported on verbal material v1?u§11y pro-
cessed in an abstract problem solving task. Hsia 1ncom%%§tef
ly described a visual processing task and Salomon and Snow
attempted to establish the information exchange of film viewers.

“uch of the -problem of describing information vrocessed in
visual input tasks has been due to a philosophical c%gtroversy con- .
cerning the content of the information. Leeuwenberg has
stratified the controversy as being one of humans processing
logon and metron kinds of 1nformat10?2) Woser has disputed -

the distinction and has’ proven that f} im of the C.
Shannon Theory of Mathematical Communlcatlon descr1b1ng

only mctron content is erroneous.

. The problem then was to attempt to quantitatively des-
cribe the information flow of humans who viewed & picture and
then later recalled that experience. It was hypothesized that
the information flow is a function of age. and modality of
experiencing the environment situation.:  An additional research
question was whether or not humans of different age process
information differently for verbal and non- verbal, or V1sua1
cognltlons. ‘ _ _ : . _

Purppse of the Stud There has never been any study done of
how humans process flgural items with regard to the information
utilized for cognitions. As humans can sensually treat the
environment information such a ‘'study needed to acceunt for in-
formation processed silently or verbally and individually or

in groups of humans. This kind of research consideration th
takes into account the looping of information through the vxsual
and auditory pathways of the human nervous system. The contra-
-diction factor of such an approach was dealt with by including




an experiment to measure cognltlons done visually, and with
no verbal feedback.

Procedure. Eighty-seven students from each of the three age

levels were randomly selected from comparable grade levels of
@ suburban school district in Western Pennsylvania. The ages
of the children were five, nine and thirteen years. The sub-
jects were. randomly 3551gned to one of three treatment groups.

Two of the treatment groups of subjects were set to
individually, silently (N=21 per age level) or vocally (N=21
per age level) enumerate items of a projected 35 mm slide of
a designed livingroom. The third group viewed the picture display
in groups (N=45 per age level) of three subJects who verbally
exchanged enumerations of items. Five minutes were allowed
for this phasc of the experiment. The vocal output was tape-
recorded for further treatment. :

The second phase of the experiment was a vocal enumera-
tion of items in immediate and delayed recall., Each individual .
was given five minutes for the recall of items. Subjects of
the two individual, silent and vocal, practice groups and one
of the subjects from each group enumeration set did immediate
recall tasks. The remaining two subjects of each group enumera-
tion set were randomly a551cned to five and ten minute delayed
recall treatments. :

Each subject did - a visual recall task immediately after
the vocal recall task. The subject was given a line drawing
of the room originally shown in the 35 mm slide. Twenty line
drawings of room items were randomly selected and presented
to the subject for placement on location of the outline of the
room.” The space location items were then scored for correct
nlacement by a six~area section limit of the picture outline.

The audlo tapes of the practice enumeration and vocal
recall phases of the experiment were transcribed for item enumera- -
tions of picture items. Over 2,500 synonym enumerations were
-obatined and these were computer analyzed to establish a cross
“index for 134 items displayed in the picture of the room. The
. sequence of output of items. by each subject for the practice
enumeration phase was placed in a matrix for obtaining 30 differ-
ent information measures, representing the information flow in
the enumeration activity. The same procedure was used for obtain-
ing information flow of item recall.

The varlables of the experlment phases were analyzed
using linear regression. The t-test was used for determining
significances of difference between variables for groups of
subjects in the three kinds of tasks.

Results. The number of picture item messages and varlety or
number of different picture items verbalized in the enumeration
phase of the experiment increased as the age of the subjects -
increased. 'These trends are shown in Table 1. The change was
ER\(: an almost doub11ng of the messages and varlety output by subjects
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aged five to thirteen years. Quite logically, groups of three
subjects verbalized more messages than done by individual sub-
jects of any age. Quite interestingly, however, the variety

or number of different picture items noted by groups or in-
dividual subjects was quite similar in frequency. In other
words groups of enumerators practiced more redundancy for recog-
nizing the different items in a picture than was done by non-
interactive situations, as found for individuals enumeratlng
picture items.

The trend of age differences for the recall of p1cture
items was somewhat different than that found for practice enumer-
ation tasks. There was an increase in the number of messages
and variety of items recalled by age groups, but the marked
"change was greater between five year old subJects than found
for oldex subjects doing an immediate recall task. As indicated
in Table 1, there was not a marked change in the level of re- .
call for delayed cognitions of variety output by the subjects.
There was, however, a greater decrease in the redundancy or
output of messages, as there was an increase in the age
of the subJects.

A correlated t-test analy51s of the messages and
variety practiced and then recalled by each treatment group-
indicated that the recall output was significantly less than
that done in the practice enumeration phase. This was found
the case for each age level. In other words, the level of
cognition was lower in the amount of item precessing than done in
the learning task.



TABLE 1

Messages and Vafiety of Vocal Practice and .
Recall of Picture Items

Messages : Variety

Practice Recall Practice Recall
Treatment Group X s.D. ¥ s.D. X s.D. X  s.D.
1) Iﬁdividugl Vocal Practice:
5 years old (N=21) - h7.0 28,8 20.8 15.8 26.6 11.9 12.0 7.2
9 years old (N=21) . 86,6 3L.2 69.1 28.5 L5.7 1b;h 32,9 10.6
13 years old (N=21) 87.5 26.5 64.0 2%.3 51.1 12.k 35}3 9.5
2) Group‘Practice; |
5 years (Neh5) 72.7 208 31.9  T.T
O years (N=k5) 113.2 37.h k6.7 10.9
13 years (N=h5) - 135.9 29.3 54,6 10.0
3) Group Practice: Recall |
Immediate:
5 years (N=15) 17.3 8.4 11.3 5.3
9 yéars (N=15) | 53.1 2o;u 26.3 T.l
13 years (N=15) 6.7 20.8 k2 9.l
5 Minute Delay
5 years (N=15) 4 | 21.1 17.3 . 13.3 7.6
"9 years (N=15) : 65.6 30.2 30.7 9.9
13 years (N=15) ~ 76.5 35.6 | 36.3 11.5
10 Minute Delay
5 years (11;15) N : 19.1 12.5 13.5 8.1
9 years (N=15) = - 57.2 21,2 | 27.0 7.6
13 years (W=15) 70.5 22.6 34,9 8.9
o) silent Individual Practice:
| 5 years (N=21) | _ 15.7 9.5 . 10.1 6.8
9 years (N=21) | | © 3 1341 | 215 7.2

13 years (N=2l) ' 52.6 20.6 . 30.1. 8.4




" The non-verbal spatial location of cut-outs of picture
items was studied for age and modality differences. The aver-
age scores, for a maximum of 20 items, are shown in Table 2. The
age groups were again found to differ in items located. The
number of visual locations increased as age increased, with
almost twice as many located by 13 year old subjects than
done by five year old subjects. A t-test analysis shown
in Figure I of the Appendix, showed this trend to be signi-
ficant for ages, but not for practice enumeration modality.

A major finding was that the transformation from verbal learn-
ing to recall to non-verbal, visual recall does not apprecia-
bly differ in terms of the manner by which subjects practice
enumerate the learning task. :

The NOISE:X i?formation'measure has been found in
previous studies'3s8) to indicate the approach used by humans

in strategy processing of a task. ' The average levels of
NOISE:X for the ages and treatment groups are shown in Table

3. These levels show that the practice learning task was.
approached (see Figure 2 of the Appendix for t-test results)
quite commonly, with the exception of five year old individuals.
That age group had significantly lower levels of NOISE:X than
found for subjects aged 9 or 13 years. The same trend existed
for levels of NOISE:X processed by five year old individuals

and groups of same age subjects who did the picture enumera-
tion task. However, the NOISE:X level for the verbal item
recall of individual five yvear old subjects was not signifi-
cantly different for individuals of older ages. In addition,
the -five year old individuals who verbally recalled picture
items and did the learning in groups of three also had sig-
nificant changes in levels of NOISE:X for five and ten minute
delayed recall tasks.

‘The general finding was that subjects of different ages
did not apvreciably differ in the strategy approach for either

-a learning task or a recall task involving the cognitive pro-

cessing ofzyisual picture items. The finding confirms those
by Moser and Fazio and Moser(3) that the task involved.

a strategy of low memory recall. The sample of input spurious
information was between 8 and 23 percent or just above that

of perceptional recognition strategies. As important is the
finding that this kind of cognitive task shows liittle change
for learning and cognition kinds.of memory information process-
ing. R o _ ;

The 9 and 13 year old treatment groups differed in levels
of NOISE:X for all age levels with respect to the practice
learning task done by individuals and groups of subjects. The
same difference occurred between individuals of 9 and 13 years
who silently enumerated but verbally recalled items, and were
of a group in the learning task but individually conducted
an immediate recall. ' -

 Eight other information measures were analyzed for
significant differences of amounts and rates of information
processed in verbal learning and recall tasks for figural
information. The average amounts and rates of these measures



TABLE 2

Number of Picture Items Recalled and Visually
Located on a Room Cutout

5 years old 9 years old 13 years old

Treatment Group X S.D. X s.D. X S.D.

1) Individual Vocal Practice: 6.9 2.5 10.3 2;5 12.6 2.9
2) Group Practice: Recall _

Immediate - 6.6 3.2 9.6 2.5  12.9 2.6

5 Minute Delay | 62 2.2 9.9 L.9 12.0 2.1

10 Minute Delay | 6.8 3.6 2.3 2.0 12.2 1.9

3) s&ilent Vocal Practice: - 6.8 2.4 8.k 3.1 1.7 2.5




TABLE 3

Rate of Input Channel Noise (X) for Vocal
Practice and Recall of Picture Items.

5 years old 9 years o0ld 13 years old
_ X s.D. X so. - X 5.D.

1) Individual Vocal: . _ | _ _
Practice ‘ 974 9.62  16.02  6.27  14.91  5.59
Recall ' 15.59 1hk.31 17.47  L4.65 15.27 5.21

2) Group Practice:

Practice | 21.23 4,89 19.55 3.99 - 19.30 3.19
Recall:Immediate 15.74 13.37  18.48 6.51 19.3+  5.96
5 Minute Delay 12,94 io.71 17.73  5.k2 17.77  5.73
10 Minute Delay T.94  8.25 18.81 5.9 13.57 | b.h
3) Individuel Silent: 4 .
Recall 2264 30.36 . 13.26 7.9  15.65 5.31

To be read that 9.7&% of the X message information was spurious.




per message transaction are shown in tables four through

twelve. A t-test analysis comparison of significances of
differences is listed in Figure 2 in the Appendix.

The amount of information encoded (CODE), see Table 4,
by subjects was found to be significantly different for the
practice learning task of subjects aged 9 and 13 years who
had either been individual enumerators or members of a group
of enumerators. The five year old subjects differed for
group practice treatments with respect to the amount of infor-
mation encoded in verbal recall in ten minute delay tasks.

The rate of information encoded (% CODE) in learning
tasks (Table 5) by any age group differed for those of in-
dividuals, and groups of subjects. The same information mea-
sure was found to differ in the verbal recall of subjects
aged 9 or 13 years who had either individually done the enumera-
tion task or in groups of three subjects.

Several information rates and amounts were found to differ
between pgroups of 5 and 13 year old subjects and 1nd1Yiduals )
d01ng the learning tasks. - The measures were % REAL:M"~ (Table 6),

L1M:Ml (Table 8), % LTM: il (Table 9), REAL: as (Table 10), andl
% REAL:SS (Table 11). The only exception was for the % LT:M
processed . bX the five year old subjects. With the exception
of % REAL:MY, the rate or amount of information procesced
was greater for the recall task than for the learning task..
The opposite effect existed for the rate of useful informa-
tion (% REAL:Ml) shared by successive messages output under
an original matrix condition. '

The only significant difference between information flow in
immediate and delayed recall was that of the five year old
children. Thex processed more original matrix useful infor-
mation (REAL:M*) in 10 minute delayed recall 1nstances than

~ for an immediate recall.

The t-test comparlson of 1nformat10n flow between the 3, tem
recall of silent practice enumeratcrs and immediate recall
by individuals of group practice enumeration showed signifi- .
catn dlfferences for nine and thirteen year old subjects. In
every instance the silent enumerator subjects processed -
greater rates of encoding and useful information of the original
matrix condition than was processed by group practice subJects
doing an immediate recall task. ‘

~An analysis of intra-age levels of 1nformat10n processing
showed there were few differences, which were significant,
for comparable modes of task processing. It was found that
13 year old subjects encoded (CODE) greater amounts of infor-

‘mation than.done by five year old children when considering

the processing of item recall by subjects who had 1nd1v1dual-
ly and vocally done the practlce learning task.

The H(Y)z 1nformat10n measure was used to determine
whether or not there was any difference between 5 and 13 year
old subjects in respective recall and practice tasks. It
was found that (Table 12), individual activity of 13 year'
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0ld subjects who silently or vocally enumerated items, pro-
cessed significantly greater amounts of H(Y)}* information
than done by 5 year old children, : '

The dependence relationships between informatin measures
for recall tasks and the variety of items recalled in the
tasks were tested by regression analysis. The significant
analyses are listed in Figure 3 of the Appendix. It should
be kept in mind that the variety variable represents the
number of different picture items verbally recalled by t?e
subjects. The information flow, according to C. Shannon )
is the amount of information '"carried" per output message
in the verbal recall. Consequently, the information 'carried"
per message was tested for linear dependence with the number
of different items the subject could cognitively retrieve
in the recall task. ' :

The three age groups, of practice treatment, had
three measures linearly related to recall variety. With
only the exception of five minute delayed recall by individ-
uals of group practice aged nine years, the CODE, REAL:M
and H(Y)¥! neasures were related to recall variety. The
only other case of all thiree age groups processing informa-
tion related to the recall variety was the steady state use-
ful information (REAL:SS) for output by individuals of the
vocal practice treatment. ) :

The linear dependence of information flow for verbal-
ly recalling picture items and for a nonverbal, visual spatial
location of items is shown in Figure 4 of the Appendix. This
was a quite important aspect of the study, because it afforded
an analysis of how the verbal cognition information flow per
recall message was related to the visual memory output for
the location of items originally seen in a picture display.
The maior informatjon measures were the processors CODE and
REAL:M1, and H(Y)M!; they accounted for three-Ffourths of the

significant correlations. An interesting finding was that
there was a recall information measure for every treatment
groun which had been involved in an immediate recall task.
Only the five and nine year old groups had information flow
of a 10 minute delayed recall output significantly related
to space location performance. There were no information.
measures of five minute delayed recall which were signifi-
cantly related to space location scores.

As a result of the previously described analyses,
the information processed in practice enumeration and
recall tasks was considered related to the number of dif-
ferent picture items (variety) recalled immediately or on
a delayed basis. The same research position was drawn for
the nonverbal or visual recall of the spatial location of
jtems. The research group at the University of Pittsburgh
has noted, from analyses, there is a good possibility that
an information measure is the actual quantity carried for
a cognition. The measures are those called useful information
and identified as LTM:M! and REAL:SS. These were sed with

18.
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processor information measures to construct a theoretical
model of how information is retrieved and processed for a
cognition. This algorithm was developed by G. lioser (see
Empfield, 9) as a possible cognition information model,.

The algorithm equations were based on the useful information
for the variety of items processed in a task. The information

Erocessor measures were identified as % CODE and % REAL:M-.

quation constructs of the algorithm were tested for ob-
taining predictions of average variety recalled by each age
level and treatment.  The number of equations per
algorithmic prediction was tested as shown in Figure 5

of the Appendix. The average error for obtained recall
variety for the 12 treatment groups was less than two per-
cent. Only two of the prediction algorithms had three
equations in a set. As the algorithm involved information
measures of both the practice and recall tasks, each limited
to a separate equation, the minimum number of two equations

‘per set was then maintained in ten-twelfths of the tests.

The second aspect of the message processor algorithm
approacih was to predict the space location scores of groups
of subjects. The same model was used as done for predicting
recall variety. The major difference was the silent practice
groups of the three age levels were included in tests to
predict space ‘location. The elements used for equation sets
are shown in Figure 6 of the Appendix. The algorithms pre-
dicted the space location scores for an average of less than
one-half percent difference. Six of the 16 equation sets
used four equations and another three used three equations
in a set of algorithm. '

. A second forecast model, developed by Moser (10) was used
to test the role of practice and recall information measures
in predicting space location scores of age groups of subjects.
One of the four modaiity treatments was selected, by the hat
method, for this analysis. The individual practice treatment
was the one selected. The dimension forecast model is based
on premises that a basic unit of useful information is found
in the human memory. This unit changes for age of mental

- maturation (10) and cognition experiences.- (10). The basic

unit is a value of 0,1548 bit and increments for change is
of a value of 0.0129 bit of information.

The dimension algorithm is used with a % CODE for infor-
mation flow of a subject in an observed task. In this study
that measure was of the recall task processed prior to the

‘spatial item location task; done by each subject. The equa-

tion was:: :

A .
Spatial Location Score

a) M unit + .0129/% CODE
b) (A) (Recall Variety)

The results of ‘the algbrithmic'treatment for the three age-

groups are shown in Table 13. It was found that a less than
one-half percent error occurred between the obtained and
actual spatial locaticin scores for the three age groups of
subjects who had individually enumerated items in the practice
learning experiment. o ' | '



A major finding was that the M value processed by five
year old subjects was significantly different (t-test analy-
sis) from those processed by either the 9 or 13 year old
subjects. The latter two groups were not found to differ
in the level of M values used for predicting spatial loca-
tion scores. The large variance, however, for the M value
of the five year old subject group indicated greater dif-
ferences occurred in levels needed for forecasts.

TABLE 13
Dimension Algorithm Characteristics for Forecasting

Spatial Location Scores of Individual Vocal Practice Groups
of Subjects, by Age Level

M-Unit M Obtained Scofe

Age Level - X S.D. X S.D. X S.D.
5 years .6423 ,4941 37.71 38,23 6.85 2.45
9 years .2687 .0879 8.81 6.80 _10.32 2.51
13 years .3081 .0767 11.86 5.94 12,53 2.79

The M-unit of the dimension algorithm was selected
to analyze the dimension forecast relationship with the in-
formation measures and characteristics of practice and recall
tasks., The results of these linear analyses are shown in Table
14,

An interesting but complex pattern of linear relationships
of information measures, tasks characteristics and M-units
was found from the analysis treatment. The major focus was on
the relationships of useful information measures with the M-

‘unit. The five year old group of subjects did not have signifi-

cant linear dependences bitween the practice and recall tasks
with respect to the LTM:M* and REAL:S8S measures. However,
the M-unit for forecasting the spatial location score

was p351t1vely related with respect to the M-unit and the
LTM:M* useful information of the practice enumeration task.
On the other hapd, the 9 and 13 year old groups of subjects
processed LTM: M1 and REAL:SS information levels of the
practice and recall tasks which were positively related to
each other. The REAL:SS measure of both age groups, and for
both practice and recall task processings, were negatively
related to the M-unit for forecasting spatial locations.

In addition, the LTM:Ml for recall by the nine year old sub-

- jects was related to the M-unit for the same regre551on

direction.

The nine year old group of individual nraCtlce subjects
had processing information measures of both recall and practice
related to the M-unit. .The % CODE and $ REAL:Ml of both re-
call and practice tasks were so related. On the other hand,
the same measures of the 13 year old subjects were not 51gn1-
ficantly correlated, but were at about the 15% level of signi-
ficance. The five year old group of subjects had processing
information measures of the practice task, but not the recall
“task, 51gn1f1cant1y related to the M-unit of the space locatlon

=forecast.,



21,

It should be kept in mind that the recall variety of the
9 and 13 year old subjects was found significantly related
to the spatial location scores (see Figure 3, Appendix). As
shown in Table 14 the practice (enumeration) variety of only
the 13 year old subjects was significantly related to the
spatial location score. Quite interestingly, a comparison
of significant coefficients of correlation between recall
information flow and spatial location score (as shown in Fig-
ure 4, Appendix) revealed that none of the measures listed
in Table 14 were found to be so related. It can be seen in
Table 14 that only the % CODE processed in practice tasks
by five year old subjects was linearly related with the spatial
location score.

The variety of terms output by subjects of any age in the
practice enumeration task was positively related to the respec-
tive variety of the recall task. In other words, the more pic-
ture items verbally enumerated the greater was the variety of
items recalled by the subjects. The same interpretation would
be possible for the processing of a variety of verbal recall
items and the number of picture items which could be spatially
located in the visual mode task by 9 and 13 year old subjects.
These findings indicate the task processing of learning and
cognition by 9 and 13 year old subjects differed from that
done by five year old subjects,

The 9 and 13 year old subjects processed useful informa-
tion in a manner which was quite common. The pathway generally
involved the steady state condition useful information. It
can be seen in Table 14 that the REAL:SS measure flow in
the practice task was positively related with the REAL:SS
of the verbal recall level. Then the recall and practice
REAL:SS measures-were negatively related with the M unit.
‘Remembering the equations of the dimension algorithm this
relationship for the cognition of visually located picture
items is quite logical, ‘ ‘

The pathway of learning and cognition information pro-
cessing by the five year old subjects was one which seemed
to have greater linear relationship between practice learning
flow and spatial location.levels than for recall flow. The lin-
ear aspect between learning and co§nition seems to be one
of processors (% CODE and % REAL:M*) with the useful informa-
tion, or LTM:M! of practice tasks and the M-unit of the fore-
cast of the spatial location score. ' ~
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Conclusion and Discussion. This study was the first one to
‘examine the information flow of visually perceived environ-
ment material and the cognition of that experience in both
verbal and visual modalities. The experiments were controlled
to measure  learning differences for humans aged 5, 9 and 13
years.

The research question was to define differences in infor-
mation processing. The Moser Memory Information Model was
used to quantify the quality of both recall and learning
tasks, ' :

Information theoretic measures, such as NOISE:X, confirmed
the belief that the experiment would evoke a recognition, low
recall level kinds of cognition, The younger subjects showed
greater ranges of task perception, particularly for learning

by individuals, 10 minute delayed recall and recall by '
subjects of a non-verbal learning modality, These results in-
dicate that the human perception of a task may be age related,
but for -differences for children of an age comparable to an
carly concrete level. Thereafter, a recognitory visual task
is processed at a consistent level of channel control for
both recall and learning tasks.

The variety of different number of picture items recalled
by the children was found to differ for ages of children, but
not for the way by which they did the learning task. That is,
it did not matter whether the children silently or vocally
enumerated the picture items, or viewed the picture in vocal.
grouns of three children. The same conclusion was made for
the nonverbal, visual location of items on an outline of the

living room picture. AT - 3 R

The findings of age but not modalities effects of learning
and cognition have major importance for science educators. The
age difference for learning and cognition efficiency is: seen
in the ratio of the variety of items recalled, as compared
to those enumerated. The five year old children recalled 35
to 45 percent of the variety enumerated -in the learning task.

The ratio for nine year old children was 56-72 percent and it was
+ 63-69 percent for 13 year old children. L '

v The visual, nonverbal recall of picture items after a
recognition:task of the items to be spatially located was
found to have a numerical pattern for ages of children. The
five year old children could recall the spatial location of
approximately six of the room items. The 13 year old child-
ren could place about nine items. The series of three items
for age change was the pattern of memory retrieval.

The information measures of the recall tasks were o
selected to exemplify processing (% CODE and REAL:SS). Signi-
ficantly different amounts of these resources were used depend-
ing both on the: age of children and the modality they used
Q. in the learning task. ‘ SN ' : : :




ful information (LTM:M

k.

The linear analysis technique was used to establish a
linear operator definition of information flow for the cog-
nition tasks. It was found that the recall varietX was
related to information processing (CODE and REAL:M') for
the original matrix condition, or short term memory, irres-
pective of age of subjects. The only non-linear operator
occurred for nine year old thildren'doing a five minute de-
layed recall. - Another measure, H(Y)M*, was used for control
analysis and it corresponded to these findings but had signifi-

~cant relationships also for the nine year old group doing a five

minute delayed recall of variety.

, The linear relationship of useful information and the re- -
call variety was less extensive than that found for processing
measures. The linear operators were found to be more often
the steady state usefu} information. .Short term memory use-

) ), when found to be linearly related,
occurred only for five year old children.,

'The linear relationships found for.information flow in-
fluenced the testing of forecast algorithms. Two algorithms were
used f0f7}he analysis. The first algorithm adhered to the C.
Shannon interpretation cof information ''carried'" per message.
The criterion control of the number of equations per set
for forecasting the variety of recall and spatial location
score was found to approach the minimum number of seven-eighths
of the prediction of verbal recall task levels of variety and
half of those for predicting spatial location scores. It was
found that for averages, the algorithm for messages had an error
level of less than two'percent. In the case of variety for _
recall tasks the criterion of minimum equation set was violated -
by the five year old children treatments.

The second algorithm involved the recall variety rather
than the message concept. This M dimension algorithm assumed
information retrieval was by means of encoding rates (% CODE) -
and a basic unit.of information structure at a 0.1548 bit
value. An increment of 0.0129 bit was used as the algorithm
dealt with cognition processes. The "hat method'" was used to
select. a treatment group for testing the M-Algorithm of fore-
casts of spatial location scores. The group selected for the
test was for those children who had individually done the
vocal task of picture. enumeration. o SN

The five year old group of children was found to signifi-

‘cantly differ with the 9 and 13 year children in the M incre-

ment needed to obtain a 99 percent confidence in forecasting
spatial location scores. Linear.analyses of M unit levels
and information processed in the learning and recall tasks
revealed the previously described pattern of differences ,
between five year old children and the groups of children aged

"9 or 13 years,  The linear operator pathway_ for information flow

was of short term memory information (LTM:M*) by five year
old children and the long term memory. useful information (REAL: .
§S) for the 9 and 13 year old children. ’ Sl ‘ S
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These conclusions led to the drawing of a model for the
-way in which humans process visual information in a learning
task and verbal and visual cognitions. Children chronological-
ly in the pre- operat10na1 stage process less than two-thirds
as many different items in a.learning task and recall a little
more than a third as many different picture items than done by
children of greater levels of mental maturity. This is done
through short terr memory linear operations of information pro-
cessing. The older children incorporate processing linear
operations with a direct control of short term and long term
useful information in memory treatments for the flow in learn-
ing and cognition act1v1t1es.

This study could have a major importance for future re-
search in science learning. Ilumans process information in learn-
ing tasks which is related to cognitions of either verbal or
nonverbal kinds. The differences in processing are more age . ; ..
related than due to the modality of learning. This means "
greater emphasis should be placed on pedagooy policy of learn-
ing for mental maturation differences than for the teaching
approach.
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FIGURE 5

Task Elements for Predicting Recall Variety, Processing Algorithm

Pracfice Llements Recall Elements
' . Obtained
: A B, C(D(E, F,G A B C D E F,G, Variety
Treatment Group 171717111 - R U R [ A A A
1) Individuval Vocal:
5 years _ 1% 1 1|1 2 |2 2‘ 212 11.7h
9 years _ o1l 1|2 2 2 32.59
13 years : 11 11 2 2 35.51
2) Group Practice, Recall:
a) Immediate |
5 years 1(1 1|1 212 1)2 11.18
9 years o 11 111 2 |2 2|2 26.39
13 years | | 1 11 2 12| f2] 33.92
b) 5 Minute Delay: |
| 5 years 1]2 1 3 3| 12.97
9 years 11 111 2 {2 |2|2] 30.94
13 years 1 |1 f1l1 ' 2 |2 ]2 36.22
c) 10 Minute.Delay: ‘
5 years 1] 211 B 3 13.18
9 years Tl 171 | 2 2 26,90
13 years ' 1 | 1|1 2 |2 2 3h.8h
Leggnd: :
A is % CODE

B % REAL:M}

¢ 1mMt
D ¢ 1Mt
E  REAL:SS
F % REAL:SS
G Variety

Q : : = |
FRIC  #To be read that Practice IIM:M' was used in Equation No. 1 of algorithm.
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FIGURE 6
Task Elements for Predicting Space Location of Picture Items, Processing Algorithm

Practice Elements " Recall Elements Obtained
Space
A /B CyDEFIG A .B|C|D|E}F G|Location

Treatment Group

1) Individual Vocal:

5 years . 1 1 213133 6.83
9 years | 1 1 2 3|3 10.50
13 years 1 i 2 1313 12.43

2) Group Practice:

a) Immediate:

5 years 1 1 212 . 6.70
9 years ) 1 af |1 (| |4 9.47
13 years 1| 12 1 3 Ly 12,08

b) 5 Minute Delay:

" D Yyears 1 1 2 2|2 5.97
9 years : 1 2 1 3 Ly 10.15
13 years | 1 2 1 3 4 12.08

¢) 10 Minute Delay:

5 years - .‘ 1i1l1] |1 213 3| | 6.86‘
9 years : 1 2 1 3 L 9.39
13 years 1| 2| {1 3 b 12.34

3) Silent Practice:
5 years 1 1 6.92

9 years . 1| - |2 2i2{1| 8.55

13 years . _ 1 21211 12,92
Legend: -

1

A is % CODE - 'E 15 REAL:SS
. % REAL:M™ "F % REAL:SS

B
c Ml | G  Variety

¢ vrM:Mt




